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I. INTRODUCTION 
The g e n e r a l  c o n f i g u r a t i o n  o f  t h e  p r e s e n t  SNAP-8 b o i l e r  d e s i g n  i s  
s e v e n  t u b e s  c o i l e d  i n  a n  o u t e r  s h e l l  i n  a tube-in-tube  arrangement.   The 
s a l i e n t  d e s i g n  f e a t u r e  i s  t h e  u s e  o f  d o u b l e  t u b e  c o n s t r u c t i o n  w i t h  un- 
a l l o y e d  t a n t a l u m  i n  c o n t a c t  w i t h  t h e  m e r c u r y ,  a n d  s t a i n l e s s  steel i n  
c o n t a c t  w i t h  t h e  p r i m a r y  l o o p  NaK. The spaces  between t h e  tubes  and 
headers  i s  f i l l e d  w i t h  s t a t i c  NaK a s  a n  i n t e r m e d i a t e  f l u i d .  
The p o t e n t i a l  d e s i r e  to u s e  m a t e r i a l s  w i t h  h i g h e r  s t r e n g t h s  a n d  
g r e a t e r  c o r r o s i o n  r e s i s t a n c e  t o  NaK than  the  una l loyed  t an ta lum p resen t ly  
u t i l r z e d  i n  t h e  SNAP-8 b o i l e r  i n d i c a t e s  t h e  n e e d  t o  c o n s i d e r  t h e  u s e  of 
r e f r a c t o r y  m e t a l  a l l o y s .  Two a l l o y s  which o f f e r  h i g h e r  s t r e n g t h ,  g r e a t e r  
c o r r o s i o n  r e s i s t a n c e  to  NaK, a n d  a r e  r e a d i l y  a v a i l a b l e  a r e  Cb-1Zr and 
T-111 (Ta-8W-2Hf). The  main d e t e r r e n t  t o  employment  of these m a t e r i a l s  
i s  t h e  u n c e r t a i n t y  o f  t h e i r  c o r r o s i o n  r e s i s t a n c e  t o  mercury. Weeks 
r e c e n t l y  r e p o r t e d  c r a c k s  i n  s t r a i n e d  Cb-1Zr alloy specimens exposed t o  
mercury f o r  1 6 8  h o u r s  a t  1110, 1250,  and  1380°F  which he a t t r i b u t e d  t o  
leaching   of   z i rconium  f rom  the   mat r ix  by t h e  mercury. H e  reported sim- 
i l a r  r e s u l t s  fo r  s t r a i n e d  T-111 a l l o y  a f t e r  e x p o s u r e s  a t  1 2 0 0  a n d  1 3 8 0 ° F ,  
(1) 
a n d  a t t r i b u t e d  t h i s  b e h a v i o r  t o  t h e  z i r c o n i u m  p r e s e n t  i n  t h e  a l l o y  a s  a n  
impur i ty .  Weeks a l s o  r e p o r t e d  t h a t  t h e  a n n e a l i n g  of s t r a i n e d  Cb-1Zr a l l o y  
spec imens  pr ior  t o  exposing them t o  m e r c u r y  r e s u l t e d  i n  n o  c r a c k i n g  d u r i n g  
the  exposure  t o  mercury. 
T h i s  r e p o r t  c o v e r s  work done t o  f u r t h e r  d e l i n e a t e  t h e  c o r r o s i o n  re- ' 
s i s t a n c e  of Cb-1Zr and T-111 a l l o y s  i n  t h e  s t r a i n e d ,  a n d  s t r a i n e d  a n d  
a n n e a l e d  c o n d i t i o n s  t o  l i q u i d  m e r c u r y  a t  1 2 0 0 ° F  f o r  p e r i o d s  o f  1000 hours .  
("Weeks , J.R. , "Liquidus Curves and Corrosion of $e, C r ,  N i ,  Co , V, Cb , 
Ta , Ti , Z r  i n  500-750°C Mercury." Corrosion, V o l .  23 , No.  4 , pp. 98- 
106,   Apri l   (1967) .  
11. SUMMARY 
Shee t   spec imens  of t an ta lum,   T -111   a l loy ,   and   Cb-1Zr   a l loy  were s t r a i n e d  
5 and 20 p e r c e n t  by  bending. A p o r t i o n  of t h e  b e n t  test spec imens  w a s  r e t a i n e d  
i n  t h e  a s - b e n t  c o n d i t i o n  w h i l e  p o r t i o n s  of the  r ema in ing  spec imens  were g i v e n  
s e l e c t e d   p o s t b e n d  vacuum a n n e a l s .  The a n n e a l i n g   c o n d i t i o n s   s e l e c t e d  were: 
8 h o u r s  a t  1600 F ,  2 h o u r s  a t  1900 F, and 2 h o u r s  a t  2200 F. Specimens of e a c h  
s t r a i n  l e v e l  a n d  i n  t h e  a s - b e n t ,  a n d  a s - b e n t  a n d  a n n e a l e d  c o n d i t i o n s  were t e s t e d  
i n  l i q u i d  m e r c u r y  a t  1 2 0 0  F f o r  1000 hours .   The   spec imens   and   mercury  were 
c o n t a i n e d   i n   s e a l e d   t a n t a l u m   c a p s u l e s .   F o l l o w i n g  t e s t ,  t h e   s p e c i m e n s  were c l e a n e  
of mercury by  vacuum d i s t i l l a t i o n  a n d  s u b s e q u e n t l y  e v a l u a t e d  f o r  c h a n g e s  i n  
% e i g h t ,   s u r f a c e   i n t e g r i t y ,   a n d   m e t a l l o g r a p h i c   s t r u c t u r e .  No changes  were obser- 
ved i n  a n y  of t h e  s p e c i m e n s  as a r e s u l t  of t h e  e x p o s u r e  t o  l i q u i d  m e r c u r y .  
F a i l u r e  t o  o b s e r v e  a n y  c r a c k i n g  i n  t h e  a s - b e n t  Cb-1Zr  and  T-111  a l loy  spec imens  
e x p o s e d  t o  m e r c u r y  is i n  d i r e c t  c o n t r a s t  t o  t h e  p r e v i o u s l y  d i s c u s s e d  r e s u l t s  
r e p o r t e d  by  Weeks . 
0 0 0 
0 
(1) 
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111. TEST SPECIMEN  PREPARATION 
The t es t  spec imens  were p r e p a r e d  from 0 .040- inch - th i ck  una l loyed  
t a n t a l u m ,   T - 1 1 1   a l l o y  (Ta-8W-2Hf), and  Cb-1Zr a l l o y   s h e e t .  The t a n t a l u m  
a n d  T - 1 1 1  a l l o y  s h e e t s  were o b t a i n e d  from t h e  N o r t o n  Company, Metals 
D i v i s i o n  and t h e  Wah C h a n g   C o r p o r a t i o n ,   r e s p e c t i v e l y .   T h e   c h e m i c a l  
a n a l y s e s ,  m e c h a n i c a l  p r o p e r t y ,  a n d  m e t a l l o g r a p h i c  d a t a  s u p p l i e d  b y  t h e  
v e n d o r s  a n d  o b t a i n e d  a t  G.E. - NSP o n  t h e  test  s p e c i m e n  m a t e r i a l s  a s  
p a r t  of t h e  q u a l i t y  a s s u r a n c e  t e s t i n g  a r e  g i v e n  i n  A p p e n d i x  A .  A f i n a l  
p roduc t  chemis t ly  f o r  t h e  Cb-1Zr a l l o y  s h e e t  i s  a l s o  g i v e n  i n  A p p e n d i x  A.  
T h e  0 . 0 4 0 - i n c h - t h i c k  s h e e t s  were s h e a r e d  i n t o  0 . 5 - i n c h - w i d e  x 1.0- inch-  
l o n g  tes t  s p e c i m e n s .   F o l l o w i n g   a c i d   c l e a n i n g  t o  remove s u r f a c e   c o n t a m i n a -  
t i o n ,  h a l f  o f  t h e  s p e c i m e n s  for  e a c h  a l l o y  were b e n t  u s i n g  a 0 .406- inch-  
r a d i u s  ram  and a 120°   anv i l ,   and   t he   r ema inde r  of t h e   s p e c i m e n s  were b e n t  
w i t h  a 0 . 1 0 9 - i n c h - r a d i u s  ram  and a 1 2 0 °  a n v i l  t o  p r o d u c e   t h e  t w o  d e s i r e d  
maximum s t r a i n  l e v e l s  i n  t h e  s p e c i m e n s  o f  a p p r o x i m a t e l y  5 and  20 p e r c e n t ,  
r e s p e c t i v e l y ,   F i g u r e  1. A 5 p e r c e n t  s t r a i n  i s  t h e  maximum n o r m a l l y  
i n c u r r e d  i n  b e n d i n g  of t u b i n g  f o r  b o i l e r  c o n s t r u c t i o n .  
A p o r t i o n  of t h e  b e n t  test  s p e c i m e n s   w a s   r e t a i n e d   i n   t h e   a s - b e n t  
c o n d i t i o n  w h i l e  p o r t i o n s  of t h e  r e m a i n i n g  s p e c i m e n s  were g i v e n  t h e  
s e l e c t e d   p o s t b e n d  vacuum a n n e a l s .   T h e   a n n e a l i n g   c o n d i t i o n s   s e l e c t e d  
were ;  8 h o u r s   a t   1 6 0 0 ° F ,  2 h o u r s  a t  1900°F,  and 2 h o u r s   a t  2200OF.  The 
2200'F h e a t  t r e a t m e n t  c o r r e s p o n d s  t o  a t y p i c a l  p o s t w e l d  a n n e a l  fo r  t h e  
r e f r a c t o r y   m e t a l   a l l o y s .  I t  i s  n o t  f e a s i b l e  t o  c o n s i d e r  vacuum a n n e a l -  
i n g  a c o m p o s i t e  s t a i n l e s s  s teel  - r e f r a c t o r y  m e t a l  a l l o y  b o i l e r  a t  
t e m p e r a t u r e s a b o v e  2000OF for n u m e r o u s  r e a s o n s ,  i n c l u d i n g  d i f f e r e n t i a l  
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5% Strain 20% Strain 
Figure 1.  T-111 Alloy Specimens Before Exposure t o  1200°F  Mercury. (Orig. C68011553) 
t h e r m a l  e x p a n s i o n  d i f f i c u l t i e s  a n d  the v a p o r i z a t i o n  of (the s t a i n l e s s  
steel. The 1600'F heat  t r e a t m e n t  is more r e p r e s e n t a t i v e  of a heat t rea t -  
ment  which  could be c o n s i d e r e d  for a bimetall ic b o i l e r .   T h e  1900'F heat  
t r e a t m e n t  was. selected t o  e v a l u a t e  t h e  e f f e c t  of heat t r . e a t m e n t  i n  t h e  
i n t e r m e d i a t e   t e m p e r a t u r e   r a n g e .   S u b s e q u e n t l y ,  t he  specTmens of each 
a l l o y  a n d  c o n d i t i o n  were w e i g h e d  a n d  f i x t u r e d  t o g e t h e r  w i t h  t a n t a l u m  
' 8  
, .. 
wire a s  i l l u s t r a t e d  i n  F i g u r e  2. A s i n g l e  test spec imen-   assembly   con-  
t a i n e d  a t o t a l  of e i g h t  test  spec imens  a l l  o f  t he  same a l l o y .  
Capsule 
Figure  2 .  Tantalum  Capsule  and  Specimens Before 
Assembly and F i l l i n g  with Mercury. 
((268011556) 
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IV.  CAPSULE  PREPARATION 
Tan ta lum capsu le s  were used  to  c o n t a i n  t h e  test specimens and mercury 
d u r i n g  t e s t i n g .  T h e  c a p s u l e s  were made from  1.0-inch-OD x 0 .100- inch - th i ck  
wa l l  s e a m l e s s   t a n t a l u m   t u b i n g   a n d  were s i x  i n c h e s   i n   l e n g t h .  The t u b i n g  
was o b t a i n e d  f r o m  t h e  N o r t o n  Company, Metals Divis ion ,   and  t h e  q u a l i t y  
a s s u r a n c e  d a t a  s u p p l i e d  by t h e  v e n d o r  a n d  o b t a i n e d  a t  G.E. - NSP a r e  
g iven   i n   Append ix  A. After TIG w e l d i n g  t h e  t a n t a l u m  b o t t o m  c a p  o n t o  t h e  
t a n t a l u m  t u b e ,  F i g u r e  2, t h e  specimen  bundle  was p l a c e d  i n s i d e  t h e  c a p s u l e ,  
and t h e  t o p   t a n t a l u m   c a p  TIG w e l d e d   i n t o   p l a c e .  A 0 .0625- inch -d iame te r  
h o l e  l o c a t e d  i n  t h e  t o p  c a p  was u t i l i z e d  as a f i l l i n g  p o r t  d u r i n g  the  
l o a d i n g  of m e r c u r y  i n t o  t h e  c a p s u l e s .  
1. . ,v' .. C&SUm: 'PtL)',I;NG .". ~ . 
The f i l l i n g ' a f  t h e  c a p s u l e s  w i t h  m e r i ! i i r y . a n & t h e i r  ' s u b s e q u e n t  seal-  
i n g  was a c c o m p l i s h e d   i n  a vacuum-purged,   hel ium-fi l led. ;   TIG  welding . *  
c h a m b e r ;  T w e n t y - t w o  c u b i c  c e n t i m e t e r s  o f . . m e r c u r y  w e r e ' p u t  i n t o ' e a c h -  - ,  ' 
c a p s u l e  t h r o u g h '  t h e  0 . 0 6 2 5 - i n c h - d i a m e t e r  h o l e  l o c a t e d  i n  t h e . t o p  c a p  o f  
e a c h .  c a p s u l e . .  ' This. q u a n t i t y  o f  m e r c u r y  was s u f f i c i e n t  t o  comple t e ly .  
c o v e r  t h e  test s p e c i m e n s  w i t h  l i q u i d  m e r c u r y  a t  t h e  test t e m p e r a t u r e  
(1200'F). T h e   s p e c t r o g r a p h i c   a n a l y s i s   o f   t h e  merc'ury.  used t o  f i l l  . t h e  
c a p s u l e s  i s - g i v e n  i n  T a b l e  I . .  The small f i l l  h o l e s  in the t a n t a l u m  
c a p s u l e s  were , then   s ea l ed   by  TIG w e l d i n g .  C o p p e r  c h i l l  b l o c k s  were used 
o n  t h e  c a p s u l e  t o  r e d u c e  h e a t i n g  of the  mercu ry  du r ing  we ld ing ,an .d  no  
vapor i za t ion   o f   mercu ry   was   obse rved .   S ince   t he   t an t a lum  capsu le s  w e r e  
t o  be t e s t e d  i n  a n  a i r  e n v i r o n m e n t  f u r n a c e ,  e a c h  c a p s u l e  was p l a c e d  i n -  
side a s t a i n l e s s  s teel  c a p s u l e  and sea l ed   unde r   he l ium  in   t he   s ame   manner  
a s  t h a t  u s e d  f o r  s e a l i n g  t h e  o r i g i n a l  t a n t a l u m  c a p s u l e s .  
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TABLE I .  
SPECTROGRAPHIC  ANALYSES  OF  MERCURY(a) USED TO FILL THE  TANTALUM CAPSULES 
element 
Ta 
w 
Cb 
Z r  
A g  
A 1  
As 
B 
Ba 
B i  
Ca 
Cd 
co 
C r  
c u  
F e  
K 
L l  
Mg 
Mn 
Mo 
Na 
N i  
Pb 
Sb 
S i  
Sn 
S r  
fi 
V 
Zn 
C o n c e n t r a t i o n ,  ppm 
m(b)  
ND 
ND 
ND 
ND 
€ 5  
ND 
ND 
ND 
ND 
< 1  
ND 
ND 
< 5  
< 5  
< 5  
ND 
ND 
< 5  
ND 
ND 
ND 
€ 5  
ND 
ND 
€ 5  
ND 
ND 
ND 
ND 
ND 
(a) Beth lehem  Apparatus  Company, Hellerstown, Pa. 
T r i p l e  Vacuum D i s t i l l e d .  
(b) ND - not d e t e c t e d  
V I .  TESTING 
The c a p s u l e s  were i s o t h e r m a l l y  t e s t e d  a t  1200'F f o r  1000 h o u r s  i n  
t h e  a i r  e n v i r o n m e n t  f u r n a c e  f a c i l i t y  shown i n  F i g u r e  3. Each  capsule   was  
h e a t e d  by a 1340-wat t ,  wound n i c h r o m e  r e s i s t a n c e  e l e m e n t  which i s  con- 
t r o l l e d  by a G e n e r a l  Electric V o l t - P a c   v a r i a b l e   t r a n s f o r m e r .  An 8-poin t  
recorder a l l o w e d  m u l t i p l e  t e m p e r a t u r e  m o n i t o r i n g  of t h e  c a p s u l e s  w i t h  
chromel-a lumel  thermocouples  which  were welded to  the  s t a i n l e s s  s teel  
c a p s u l e s .  
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8 Point Recorder 
F i g u r e  3. T e s t  F a c i l i t y   f o r   I s o t h e r m a l   C o r r o s i o n   C a p s u l e  Tests. 
(C64121039) 
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V I  I .  POSTTEST  EVALUATION 
A f t e r  c o m p l e t i o n  ox the   1000-hour  tests, t h e  s t a i n l e s s  s teel  c a p s u l e s  
were removed  f rom  the   furnace ,   opened ,   and   the   t an ta lum  capsules   removed.  
The t a n t a l u m  c a p s u l e s  were t h e n  o p e n e d  a n d  t h e  m e r c u r y  d r a i n e d  f r o m  t h e  
c a p s u l e s .  A p o r t i o n   o f   t h e   m e r c u r y   d r a i n e d   f r o m   e a c h   c a p s u l e  was re- 
a c t e d  w i t h  n i t r i c  a c i d  t o  form m e r c u r i c  n i t r a t e  s a m p l e s  f o r  s p e c t r o g r a p h i c  
a n a l y s i s .  The  samples  were a n a l y z e d   f o r   T a ,  Cb, W, Hf,  and Z r ,  and t h e  
r e s u l t s   a r e   g i v e n   i n   T a b l e  11. The e r r a t i c   i n c r e a s e   i n   t a n t a l u m   c o n -  
c e n t r a t i o n  o f  t h e  m e r c u r y  i s  n o t  c o m p l e t e l y  u n d e r s t o o d ,  a n d  a l t h o u g h  t h e  
c a p s u l e s  were opened  wi th  a t u b i n g  cu t te r ,  t h e  c o n t a m i n a t i o n  o f  t h e  m e r c u r y  
by t a n t a l u m  p a r t i c l e s  is  a p o s s i b l e  s o u r c e .  
The  specimens were removed  f rom  the   t an ta lum  capsules ,   and   the  
m e r c u r y  f i l m  a d h e r i n g  t o  t h e  b e n t  s p e c i m e n s  was removed  by  vacuum d i s -  
t i l l a t i o n  i n  a P y r e x  s y s t e m  u s i n g  e x t e r n a l  i n f r a r e d  h e a t e r s  a n d  a 
mechanical  vacuum pump. T h e   t e m p e r a t u r e   a n d   p r e s s u r e   d u r i n g  t h e  d i s t i l -  
l a t i o n  were e s t i m a t e d  a t  200°F and 50 m i c r o n s  o f  m e r c u r y ,  r e s p e c t i v e l y .  
The  c leaned  spec imens  were then  we ighed ,  and  no  s ign i f i can t  we igh t  
changes ,  i . e . ,  L 20 .02  p e r c e n t ,  were obse rved .  
V i s u a l  o b s e r v a t i o n  o f  t h e  tes t  specimens  was  performed a t  magni- 
f i c a t i o n s  of 3x and lOOx, and   no   c racks  or c h a n g e s  i n  s u r f a c e  a p p e a r a n c e  
were o b s e r v e d .   S u b s e q u e n t l y ,  a l l  o f   t h e   s p e c i m e n s  were examined   us ing  
a p o s t e m u l s i f i c a t i o n  f l u o r e s c e n t  p e n e t r a n t  t e c h n i q u e  t o  detect  any s u r -  
f a c e   c r a c k s .  No c r a c k s  were found .  
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POSTTEST  SPECTROGRAPHIC  ANALYSIS OF MERCURY REMOVED 
- :  - . .  ' . ', ' FROM THE .TANTALUM  CAPSULES .' . .  
. . . .  . . .. For Capsules   onta ining  . .  - , .  - .  . 
Ta T-111 A l l o y  Cb-1Zr 
Element .Pretest ' .  , I .  'Specimens  Sp cimens ' Specimens, 
T.a I 1 . ND ( a )  . , ' ' 140' . L  . ( b )  100 . (b )  
Hf - < 6  < 6  < 6  
( a )  NLI - n o t   d e t e c t e d  
( b )  The erratic i n c r e a s e   i n   t a n t a l u m   c o n c e n t r a t i o n  is p o s s i b l y  
a r e s u l t  of contaminat ion of the  mercury by tantalum  during 
the  opening of t h e  c a p s u l e s  w i t h  a t u b i n g  c u t t e r .  
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M e t a l l o g r a p h i c  e x a m i n a t i o n  of t h e  s p e c i m e n s  s t r a i n e d  20 p e r c e n t  by 
b e n d i n g  b e f o r e  e x p o s u r e  r e v e a l e d  no  c o r r o s i o n  or o t h e r  c h a n g e s  i n  micro- 
s t r u c t u r e  a s  a result  o f  t h e  exposure t o  mercury  a t  1200'F f o r  1000 h o u r s .  
S i m i l a r  results were o b t a i n e d  for  s p e c i m e n s  s t r a i n e d  5 p e r c e n t  a n d  a l l  
t h e  spec imens   wh ich   had   been   annea led   p r io r  to  t e s t i n g .  T y p i c a l  p h o t o -  
mic rographs  o f  t h e  most s e v e r e l y  s t r a i n e d  s p e c i m e n s  a f t e r  m e r c u r y  
e x p o s u r e  are shown i n  F i g u r e  4 .  The  Cb-1Zr  specimen was a c t u a l l y  s t r a i n e d  
g r e a t e r  t h a n  20 p e r c e n t  before exposure s i n c e  t h e  a s - r e c e i v e d  m a t e r i a l  
was n o t   i n  t h e  r e c r y s t a l l i z e d   c o n d i t i o n .  Although the  s t r a i n  l e v e l  is 
n o t  known e x a c t l y ,  n o  c o r r o s i o n  w a s  o b s e r v e d  i n  a n y  of t h e  Cb-1Zr 
spec imens .  I t  s h o u l d   b e   n o t e d   t h a t   t h e   f a i l u r e  t o  detect  a n y   c r a c k i n g  
i n  t h e  as -bent  Cb-1Zr  and  T-111 a l loy  spec imens  exposed  to  mercury  
i n  t h i s  s t u d y  i s  i n  d i rect  c o n t r a s t  t o  t h e  p r e v i o u s l y  d i s c u s s e d  r e s u l t s  
r e p o r t e d  by Weeks. (1) 
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0 
i 
1.030 
Unalloyed Ta Etchant :   30gm4F + 50ml HNO3 + 20ml H z 0  
0 ,030 
T-111 Alloy  Etchant :  50gNH4F -t 50ml HN03 + 20ml H 2 0  
0 
T 1.030
Cb-1Zr Al loy   Etchant :  60ml Glycerine + 20ml HN03 + 20ml HF 
F i g u r e  4.  hl ic ros t ruc ture   o f  Ta, T-111, and Cb-1Zr Alloy  Specimens  Strained 20% 
and  Exposed to  L iqu id  Mercury  a t  1200°F  fo r  1000 Hours.  (The Cb-1Zr 
Alloy i s  n o t  R e c r y s t a l l i z e d )  a n d  T h e r e f o r e  t h e  A c t u a l  S t r a i n  P r e s e n t  
i s  > 20%. 
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APPENDIX A 
.. . 
Qua1ity:Assurance  Data for 0.040-Inch-Thick T-lll;Alloy Sheet 
. I  . 
. .~~ - - .  - .*. . . 
. .  
1 .  . .,.. . .  .: I .,,, . .>: :. 
Matei-iai- Control No. - 02C-002-2. 
Heat No.;..- ,65080 
I .  . . ,  . ._ .!. ' . . 
. I. 
I .  
Chemical  Analyses 
Ingot.  (Vendor  Analysis) 
' I  Concentration 
Percent by Weight 
Sample - 1 2  3 4 - - - 
W 
Hf 
-A1 
C 
Cb 
co 
Cr 
cu 
' Fe 
H 
Mo 
N 
Ni 
0 
Si 
Ti 
V 
Final Product. 
Vendor 
G.E. 
9 .oo 9.00 8.90 8 ..65 
2.15 1.90 1.80 1 .BO 
PPm 
L 10 L 10 L 10 L lo 
L40 L 40 i 40 L 40 
740 740 840 860 - 
L 5  L 5  L ' 5  L 5 . ;. 
L 10 L 10 L 10 L 10.' ' .  
L 20 L 20 L 20 L 20. ,.. 
25 30 25 50 ., 
20 20 20 20 
29 18 18 31 
L 10 L 10 L 10 L 10 .' 
100 - - 100. 
L 40 L 40 L 40 i 40 
L 20' L 20 L 20 i 20 .. 
L 20 L 20 L 20 L 20 
3.0 - - 3.4 
. I '  
, . _ .  
... . 
Concentration, ppm 
C 0 N - H - - A. 
L 40 50 15 f-. 8 ' . 
21/21 32/33  3/3 L 1/41 
: .  
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M e c h a n i c a l  P r o p e r t i e s  
-" 
Room T e m p e r a t u r e  T e n s i l e  P r o p e r t i e s  ( V e n d o r )  
U . T . S . ,  k s i  
93. W94.0 
0 .2% YS, k s i  
83 .4 /84 .7  
E l o n g a t i o n ,  % 
29/28 
S t r e s s   R u p t u r e   P r o p e r t i e s   ( V e n d o r )  
S t r e s s ,   k s i   T e m p e r a t u r e ,  OF L i f e ,   h r s  
19/19  2400/2400  >20.1/r20.1 
Hardness  (Vendor) 
I n g o t  - 207-229 BHN range,   217 BHN a v e r a g e  
F i n a l  P r o d u c t  - S u r f a c e  - 235 DPN 
C e n t e r  - 237 DPH 
Bend P r o p e r t i e s   ( V e n d o r )  
2 spec imens  - 1 T bend, 1 8 O 0 ,  n o   c r a c k i n g  
Meta l log raphy  
% R e c r y s t a l l i z a t i o n  - Vendor - 100% 
G.E. - 100% 
G r a i n  S i z e  (ASTM) - Vendor - 9 
G.E. - Trans.   7-8 
Long.  7-8 
Nondes t ruc t ive   Tes t s   (Vendor )  
U l t r a s o n i c  - No r e j e c t a b l e  i n d i c a t i o n s  
F l u o r e s c e n t  Dye P e n e t r a n t  - No r e j e c t a b l e  i n d i c a t i o n s  
F i n a l  A n n e a l  
1 hour  a t  3000'F a t  1 x 10 t o r r  -4 
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Quality  Assurance  Data for 0.040-Inch-Thick  Tantalum  Sheet 
Material  Control No. - Q9A-036-1 
Heat  No. - 7565 
Chemical  Analyses - Final  Product 
Concentration, ppm 
Vendor G.E. -
0 
N 
H 
C 
A1 
Cb 
Cr 
cu 
Fe 
Mo 
Ni 
Si 
Ti 
w 
62 
30 
- 
24 
ClO 
25 
L 1  
L 1  
8 
L 10 
4 
12 
L 5  
i 40 
68/67 
4 7/4 7 
1/1 
23/25 
Mechanical  Properties 
Room  Temperature  Tensile  Properties (Vendor) 
UTS, ksi 0.2% YS, ksi Elongation,% 
54.0  40.1 32 
Metallography  (G.E.) 
100%  Recrystallized 
Grain  Size (ASTM - Trans. - 7 
Long. - 7 
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Quality Assurance Data for 0.040-Inch-Thick Cb-1Zr Al loy  Shee t  
- 
~~ 
Final Product Chemistry 
Concent rat ion, ppm 
C 37/34 
0 188/183 
N 45/5 2 
H 5 /  2 
Quality  Assurance  Data  for  1.0-Inch-OD x 0.100-Inch-Thick Wall Tantalum  Tubing 
". . ~ - 
Material Control Nr. - 09A-038-(1-20) 
Heat K O .  - 7566 
Chemical  Analyses 
Ingot Concentration, ppm 
Vendor 
0 
N 
H 
C 
B 
A1 
Ca 
co 
c 1'
cu 
Fe 
H f  
Cb 
hkz 
M n 
MO 
Ni 
Pb 
Si 
Sn 
Ti 
V 
W 
Zr 
81 
13 
1.9 
36 
4 1  
L 10 
L 25 
L 5  
L 1  
L 1  
7 
L 50 
L 25 
L 1  
L 1  
10 
4 
L 1  
16 
L 1  
L 5  
L 5  
L 4 0  
L 50 
Final Product  Concentration, ppm 
Vendor G.E. 
86 
19 
1.9 
21 
43/73 
6/14 
1/ 1 
31/41 
L 10 
L 25 
L 5  
4.1 
L 1  
15 
c 1  
4 1  
10 
11 
L 1  
15  
L 1  
L 5  
L 40 - 
20 
I 
hlechanical  Propert ies  
Room Temperature T e n s i l e  P r o p e r t i e s  (Vendor) 
U.T.S . ,  ksi 
4 8 . 5 / 4 8 . 5  
0.2% YS, ksi 
36 .8 /37 .2  
Hardness  (Vendor) 
Final   Product  - Vickers - 204 
RB - 48 - 50 
hletallography  (G.E.) 
100% R e c r y s t a l l i z e d  
Gra in   S i ze  (ASTM) - Trans. - 7 
Long. - 7 
Xondestructive Tests (Vendor) 
Fluorescent  Dye Penetrant - N o  r e j e c t a b l e  i n d i c a t i o n s  
Elongat ion,  % 
52/38 
2 1  
